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Abstract—Current collapse measurements have been performed 
for AlGaN/GaN HEMTs having identical breakdown voltages but 
with different field plate (FP) lengths. The results indicated that 
applying more positive on-state gate biases resulted in pronounced 
recovery in the dynamic on-resistance for the FP device, whereas 
no gate-bias effects were observed for the device without FP. The 
mechanism responsible for the reduced current collapse by FP is 
proposed, in which the key role is played during on-state by the 
quick field-effect recovery of partial channel depletion caused by 
electron trapping at AlGaN surface states between gate and drain. 
 
Index Terms—AlGaN/GaN HEMT, field plate, on-resistance, 
current collapse. 
I. INTRODUCTION 
N AlGaN/GaN-based high-electron-mobility transistor 
(HEMT) is considered as an excellent candidate for future 
power devices due to its high breakdown voltage, high 
saturation drain current, and low on-resistance (Ron) [1], [2]. 
However, increased dynamic Ron by current collapse is regarded 
as one of the most critical issues to be solved for actual 
power-switching applications [3]-[4]. Various techniques have 
been reported as an effective approach to suppress current 
collapse, such as surface passivation [5], surface charge control 
with GaN cap layer [6], and field plate (FP) structure [7]-[10]. 
Saito et al. reported that the FP approach enhanced the 
breakdown voltage and hence suppressed the increase of 
dynamic Ron due to relaxation of electric field crowding at the 
gate edge in the drain side [9]. Brannick et al. reported by their 
computer simulation that FP was effective to reduce electron 
trapping by limiting tunneling injection of electrons into surface 
traps located in the gate-to-drain region [10]. Evidently, no 
experimental evidences have been identified to date with 
respect to the effect of FP on the dynamic switching 
performance of AlGaN/GaN HEMTs.  
In this letter, we report measurement results of dynamic Ron 
for a series of AlGaN/GaN HEMTs with essentially the same 
breakdown voltage but with different FP lengths. Dramatic 
reduction in current collapse is presented for the FP device, in 
which trap-induced increase in the gate-to-drain access  
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resistance is quickly recovered by the field effect of positively 
biased FP electrode.  
 
II. DEVICE FABRICATION 
The epitaxial structure used in this work was grown by 
MOCVD on a 4H-SiC substrate. It consists of a 500-nm GaN 
channel, and a 25-nm Al0.25Ga0.75N barrier. Hall-effect 
measurements showed a two-dimensional electron gas (2DEG) 
density of 1.01x1013 cm-2 and an electron mobility of 1500 
cm2/Vs.   
HEMT device fabrication began with mesa isolation using 
BCl3/Cl2-based inductively coupled plasma reactive ion etching. 
Source and drain ohmic contacts were formed by e-beam 
evaporation of Ti/Al/Mo/Au metal stacks, followed by rapid 
thermal annealing at 850 °C for 30 s in a N2 atmosphere. A 
contact resistance of 0.34 Ωmm was measured. Devices were 
then passivated with a 200-nm sputter-deposited SiN film. The 
gate window was opened by dry etching of the SiN film, 
followed by Schottky gate and FP formation with Ni/Au. The 
gate length, gate-to-source distance, and gate width were fixed 
at 3, 3, and 100 µm, respectively.  
 
III. DEVICE CHARACTERISTICS AND DISCUSSION 
Essentially the same dc characteristics have been measured 
for devices with and without FP. With a gate-to-drain distance 
(LGD) of 10 µm, the maximum drain current defined at VGS=1 V 
was 500 mA/mm and the gate-to-drain leakage current was 10-7 
A/mm measured at a bias voltage of 200V. 
Fig.1 shows static Ron and breakdown voltage as a function of 
LGD for devices without FP. The off-state source-to-drain 
breakdown voltage was defined at a drain current of 0.1 mA/mm. 
During the measurements, the back side of SiC substrate was 
kept floating. Almost the same dependence of static Ron and 
breakdown voltage on LGD has been measured for devices with 
different FP length (LFP) of 1, 3, and 5 µm. Here, to avoid 
possible breakdown between FP and drain, LFP of 1 µm was only 
tested for the device with LGD=5 µm. The static Ron and the 
breakdown voltage were in the range of 9.5-10.7 Ωmm and 
700-740 V, respectively, for devices with LGD=10 µm. The 
linear increase in the breakdown voltage, as shown in Fig. 1, 
suggests that the horizontal electric field would not be crowded  
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Fig. 1. Static on-resistance and breakdown voltage as a function of 
gate-to-drain distance (LGD) for AlGaN/GaN HEMTs without field plate. Inset 
shows breakdown characteristics for the device with LGD=10 µm. 
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Fig. 2. Transient drain current of AlGaN/GaN HEMTs with and without FP. 
Pulsed mode is operated with 15 kΩ load line with off-state drain bias voltage 
of 200 V. Inset shows transient drain voltage. 
  
near the gate edge. The virtual gate model [3] is a qualitative 
explanation for the increasing tendency of breakdown voltage 
with LGD, but does not account for the linear increase with LGD 
that we have observed between devices with different LFP. Such 
linear increase in the breakdown voltage, as shown in Fig. 1, 
would be more reasonably explained if we assume a constant 
electric field distribution between gate and drain, even though 
direct experimental verification of field distribution has not yet 
been successfully made. Instead, our 2-dimensional device 
simulation (data not shown) suggested that uniform field 
distribution could be established when the surface negative 
charge was distributed uniformly with a sheet density that was 
balanced with the positive polarization charge at the 
AlGaN/GaN interface. The importance of balanced negative 
and positive polarization charges for establishing uniform field 
distribution has been proposed as a concept of natural super 
junction [11]. More work is needed to verify the possibility of 
forming uniform field distribution during off states by the 
presence of balanced negative and positive polarization charges 
on the front and back surfaces of AlGaN.  
Characterization of dynamic Ron was carried out by on-wafer 
pulsed measurements, where the gate voltage was switched 
from off-state (VGS=-5 V, below the threshold voltage of -3.7 V) 
to on-state (VGS=1 V), while applying a drain bias voltage (VDS)  
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Fig. 3. Normalized dynamic on-resistance as a function of off-state drain bias 
voltage for AlGaN/GaN HEMTs with and without FP. (a) Dependence of LFP 
and (b) dependence of VGS. 
 
up to 200 V. The load resistance (RL) was connected in series 
with the tested device and was adjusted so that Ron was 
reasonably measured in the linear region, i.e., below 1/4 of the 
maximum drain current. The on-state duration time (ton) and the 
off-state duration time (toff) were fixed at 1 µs and 10 ms, 
respectively. The transient output current was measured by a 
current probe (LeCroy CP030). Fig. 2 shows measured 
time-dependent waveforms of the drain current and the drain 
voltage (insert) of devices with and without FP. A constant RL of 
15 kΩ was used at VDS=200 V. Although the drain current 
waveform exhibited an oscillatory response in the early stage 
(up to 200 ns), our setup was able to stably measure the drain 
current response with a time constant of more than 300 ns. The 
measurement accuracy of on-state current was about ±0.03 mA 
and that of voltage was less than ±0.1 V. The device without FP 
exhibited seriously degraded drain current response with a long 
time constant (more than 1 ms), while the drain current recovery 
was much faster for the FP device. The dynamic Ron measured at 
ton=1 µs was as large as 2220 Ωmm for the device without FP, 
while that for the FP device (LFP=5 µm) was only 45 Ωmm. 
More interestingly, the drain current recovery became faster as 
LFP was increased, indicating that the gate-FP structure with 
reasonably long LFP is effective to reduce dynamic Ron. 
To represent the magnitude of current collapse quantitatively, 
we have defined the normalized dynamic Ron, where the Ron 
value measured at ton=1 µs was normalized by its static value. 
For devices without FP, the normalized dynamic Ron was 
gradually increased from 190 to 320 with increasing LGD from 5 
to 20 µm. Fig. 3 (a) shows the normalized dynamic Ron as a 
function of off-state VDS with VGS=1 V. It is obvious that the 
dynamic Ron increases with increasing VDS. Note that the 
normalized dynamic Ron for the FP device is lowered by 1 or 2 
orders of magnitude as compared to the device without FP, 
indicating that only reducing the exposed-access distance (i.e., 
LGD-LFP) is not enough for significant current collapse reduction. 
These results demonstrate a primary advantage of FP to 
suppress current collapse. To our knowledge, this is the first 
report showing experimental evidence of current collapse 
suppression by using gate FP, where the dynamic Ron was 
compared among devices with essentially the same breakdown  
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Fig. 4. Schematic diagrams of on-state device operation for AlGaN/GaN 
HEMTs (a) without FP and (b) with FP. 
 
voltages. Fig. 3 (b) shows normalized dynamic Ron as a function 
of VDS with different VGS. For the device without FP, the 
normalized dynamic Ron was increased with increasing VDS, 
approaching more than 200 at VDS=200 V. This behavior was 
almost independent of the on-state VGS between -1 and +1 V. On 
the other hand, for the FP device, VGS dependence was clearly 
observed, where normalized dynamic Ron was significantly 
reduced by increasing on-state VGS from negative to positive 
values due to generation of capacitively-induced additional 
channel charge (on the order of 1011 cm-2) in the early stage of 
on states (up to ton=1 µs). Note that the normalized dynamic Ron 
of the FP device with VGS=-1 V is approaching to that for the 
device without FP, indicating that FP electrode becomes less 
effective on dynamic Ron when on-state VGS was set at negative 
values under high VDS conditions. 
Fig. 4 shows the schematic diagram of device operation under 
on states for AlGaN/GaN HEMTs with and without FP. During 
off state with VGS=-5 V, both devices are considered essentially 
the same, where channel 2DEG electrons are fully depleted 
under the gate. Due to strong reverse electric fields between 
gate and drain during off states, electrons are injected from the 
gate edge as leakage currents and are assumed to be trapped at 
the AlGaN/SiN interface. Hence, higher drain bias voltages lead 
to enhancement of trapped electrons [12]. Those trapped 
electrons contribute to partly deplete the channel 2DEG 
electrons near the gate edge in the drain side. Next the gate 
voltage is switched to on state (VGS=1 V), resulting in quick 
generation of electron accumulation under the gate. However, 
emission of captured electrons does not occur within a short 
period of time (i.e., less than 1 µs). Hence it takes rather a long 
time before steady-state condition is reached for the device 
without FP (see Fig. 4 (a)). This is the main reason for causing 
the current collapse. On the other hand, the situation for the FP 
device is quite different, as shown in Fig. 4 (b). Since the AlGaN 
surface near the gate is covered with FP, the partial depletion of 
2DEG electrons can be instantly recovered by the field effect of 
the positively-biased FP electrode. Therefore, the recovery of 
channel electrons is much faster for the FP device, leading to 
more enhanced improvements in dynamic performance during 
on states with more positive gate biases, as shown in Fig. 3 (b). 
 
IV. CONCLUSION 
We have studied the effect of gate FP on current collapse for 
a series of AlGaN/GaN HEMTs having essentially the same 
breakdown voltage but with different FP lengths. By applying a 
more positive on-state gate bias voltage, pronounced recovery 
in the dynamic on-resistance was observed for the FP device, 
whereas no significant gate-bias effects were observed for the 
device without FP. The mechanism responsible for the 
improved current collapse was proposed, where field-effect 
charge control by FP resulted in the quick recovery of partial 
channel depletion in the gate-to-drain access region.  
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